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The  results  of  recent  research,  relative to the estimation of  the 
derivative  of yawing moment  due to rolling  Cnp,  have  been  applied  to 
extend a previously  reported  analysis of the  d.ynamic  lateral  stability 
characteristics of the Bell X-2 airplane.  The  s-bility  calculations 
indicate  that  when  the values of  the  derivative hP are  changed f r d  
those  indicated by previously  established  procedures  to  those hdicated 
by  recent  research,  the  predicted  period-damping  relationship of the 
airkiane  becomes  less  desirable  for a l l  the  flight  conditions  investi- 
gated. For the  high-speed  configurations  (flaps  and  gear  up), a given 
change in the  value of the  derivative  Cnp  appeared  to  become of 
increased  inportance  as  the  altitude was increased  and as the  speed of 
the  airplane  approached  the maxtmnn M c h  number investigated (0.87) . 
The  calculatians  Indicate  that  the  airplane  should  meet  the USAF 
requirements  for  satisfactory  period-damping  relationship of the  lateral 
oscillation  at  lift  coefficients  greater  than  about 0.5 for  the high- 
speed  canfiguration a t  altitudes  lower  than 35,000 feet,  but  that  the 
airplane in the landing configuraticm may not  meet  the  requirements at 
lift  coefficients  below 1.0. 

IKRODUCTION 

. 
An analysis  of  the  dynamic  lateral  stability  characteristics of the 

Bel l .  X-2 airplane  has  been  presented Fn reference 1. The prFmElry purpose 
of  the  analysis was to  study  the  characteristics  of  the  airplane  at 
various  altitudes and wing loadings a d  with  certain  geometric  modifica- 
tions.  Because of  uncertainties in estimating  some  of  the  parameters, 
arbitrary  variations  in  the  parameters w e r e  considered.  The  range  of 
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the  var ia t ions was thought t o  be la rge  enough to cover  probable  values 
of  the  estimated  parameters. 

Since  the  issuance of  reference I, it has  been  found t h a t  the prob- 
able  value  of one of  the  der ivat ives  - t h a t  is, the  der ivat ive of  w i n g  
moment due t o  r o l l i n g  C - may l i e  considerably beyond the  range con- 
s idered  in   reference 1. The present  paper  consti tutes an extension  of 
reference 1 to poin t  out the  importance of the  extended  range  of  this 
der ivat ive.  
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SYMBOLS AND COETFICIENTS 
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S 

W 

h 

V '  

P 

7' 

6, 

6n 

P 

M 

T1/2 

T2 

wing span, feet 

wing area, square  feet  

weight of airplane,  pounds 

a l t i t ude ,  feet 

airplane  veloci ty ,   feet   per  second 

mass densi ty  of air, slugs per   cubic   foot  

dynamic pressure, pounds per   square  foot  (g) 
angle of flight path to horizontal  axis, p o s i t i v e   i n  clinib, 

degrees 

sp l i t - f lap   def lec t ion ,  degrees 

nose-flap  deflection,  degrees 

r o l l i n g  angular velocity,   radians  per gecond 

( v 
Local  speed of  sound ) Mach number 

time requi red   for   the  lateral osc i l l a t ion  t o  reduce t o  ha l f  
amplitude,  seconds 

time requi red   for  lateral osc i l l a t ion  to double  amplitude, 
seconds 

4 



NACA RM ~ 5 0 ~ 0 8  3 

F period  of  the  lateral  oscillation,  seconds 

CL 

cnP 

trim  lift  coefficient (" c;: y ,  

yawing-moment  coefficient (Yavin;Ft 

derivative  of  yawing mmknt due to roll (2) 
The  mass  parameters  used in this  investigation  are  the  same  as  the 

basic  values  used  in  reference 1. All the  .aerodynamic  parameters  are 
a lso  the  same  as  those  of  reference 1, except  for  the  derivative  of 
yawing  moment  due  to  rolling  Cnp. 

Recent  unpublished  experimental  and  theoretical  investigations  have 
indicated  that  the  method  generally  used  for  estimating  Cnp  yields 
values  which may differ  considerably  from  experimental  results.  The 
source  of  the  difference  seems to be in evaluating  the  contribution of 
the  vertical tail. The  estimated  values  of  Cnptail  used in reference 1 
were  obtained  from  relations  presented  in  reference 2, in  which  the 
assumption is made  that  interference  effects of the  various  component 
parts of the  airplane  are  zero.  Recenti  test  results  obtained  for  several 
models  have  indicated  that  the  interference  effect of the  wing  on  the 
tail  contribution  to  Cnp  may  be  very  large. A comparison of values 

for a typical  model  is  presented  in  figure 1. It can be 
seen  that  the  estimated  values  of  Cnptail appkximate the  wing-off 
measured  values  but are in  poor  agreement  with  the  wing-on  measured 
values.  This  is an indication  that  consideration of the  interference 
effects  of  the  wing on the  tail  might  account  for a large  part of the 
discrepancy in the  estimated and measured  values of Cnptail  for  the 
complete  airplane. 

Of CnPtail 

A simple  explanation of the  wing  interference  effects on the  tail 
is as  follows:  First,  consider a fuselage-tail  combination  rolling 
about  the  longitudinal  axis. At low angles of attack,  the  sidewash  angle 
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m m e n t  which results i n  a pos i t ive  Cnp. When the wing is added t o  the 
fuselage-tail  combination, a considerat ion-of  t h e  t r a i l i n g   v o r t i c e s  i n  
t h e  wake of   the   ro l l ing  wing indicates  an induced  sidewash in   the   d i rec-  
t ion  opposi te  t o  that  induced  by the r o l l i n g  motion  of t he  ta i l .  The 
r e s u l t a n t   e f f e c t  of considering wing interference is t o  make the value 
of c less posi t ive  than  that   obtained  by using the  previous 

np ta i  1 
method of  estimation. 

Since  the  ant ic ipated change i n  Cnp i s  larger   than  the  var ia t ion 
of this parameter  considered  in  reference 1, an additional  study  has 
been made t o  determine  the effect of  the change i n  Cnp on the  s t a b i l i t y  
of tbe airplane.  The period and . t he  t o  damp t o  one-half  amplitude  of 
t h e  lateral o s c i l l a t i o n  were calculated  by  using estimates of Cnp based 
on recent  research. The original  values  of Cnptail used  in the previ-  

ous calculat ions,  and t h e  new estimated values of Cnptail, based on  wind- 
tunnel tests of models somewhat similar t o   t h e  X-2 airplane,  are shown in  
figure 2. The o r ig ina l  and revised va lues   for  Cnp f o r   t h e  complete air- 
plane are also  presented  in  figure 2. 

RESULTS DISCUSSION 

Airplane  with  Flaps and Gear Retracted 

The calculated  values of  the  per iod of the  lateral  osc i l l a t ion  and 
the  t h e  r e q u i r e d   f o r   t h e   o s c i l l a t i o n   t o  damp t o  one-half  ampiitude, 
using  the  revised estimates f o r  CnpJ ind ica te  that  t h e   s t a b i l i t y  of t he  
ai rplane  with  f laps  and landing  gear   re t racted is less sa t i s f ac to ry  than 
tha t   ind ica ted  by  the   o r ig ina l   ca lcu la t ions  a t  both sea l e v e l  and a t  an 
a l t i t u d e  of 35,000 f e e t   ( f i g .  3 ) .  The period of  t h e  lateral osc i l l a t ion  
i s  decreased only s l i g h t l y  from the  previous  values i n  both  cases. The 
time t o  damp t o  one-half  amplitude i s  higher   than  that   obtained  previ-  
ous ly ,   par t icu lar ly  a t  low l i f t  coef f ic ien ts  and a t  the  higher   a l t i tude.  
A t  an a l t i t u d e  of  35,000 feet  and the  highest  Mach num5er considered 
( 0.87), t he  time t o  damp t o  one-half  amplitude is  increased from 3.8 sec- 
onds t o  9.0 seconds. 

For  several  l i f t  coef f ic ien ts ,  t h e  calculated  values  of P and 
T1/2 obtained  by  consider ing  the  or iginal  and revised  values  for Cnp 
are p lo t t ed  i n  figures 4(a) and 4(b) f o r   a l t i t u d e s  of sea l eve l  and 
35,000 feet, rzspectively.  The calculat ions are compared with the USAF 
c r i t e r ion   o f   t he  period-damping r e l a t ionsh ip   fo r   s a t i s f ac to ry  lateral  
s t a b i l i t y   c h a r a c t e r i s t i c s .  A t  sea  level,  use  of the revised values 
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Of cnp results  in  values  of P and T which,  according  to  the 112 
USAF criterion,  are  unsatisfactory  for lift coefficients  below  about 0.4; 
whereas,  for  the  original  values  of  Cnp,  the  values  of P and T1/2 
were  satisfactory  for  lift  coefficients  as laz as 0.3. At  an  altitude 
of 35,000 feet,  the chmge in  Cnp  resulted  in  values  of P and T1/2 
for  lift  coefficients  below  about 0.5 which  are on the  unsatisfactory 
side  of  the  boundary,  as  compared with unsatisfactory  values  for  lift 
coefficients  of  about 0.3 and  below  for  the  original  case. 

Curves  for  the  complete  range  of  Cnp  investigated  for  the  airplane 
with  flaps  and  gear  retracted  are  presented  for a = 0.316 in figure 5, 
which  indicates that the  extension  of  the  range  of  Cnp  values  consid- 
ered  herein  has a rather  large  unfavorable  effect on the  period-damping 
%elationship. 

Airplane  with  Flaps  and  Gear  Lowered 

In order  to  determine  the  effect  of  the  revised  estimates  of 
on the  landing  characteristics  of  the  airplane,  values  of P and T1/2 
were  calculated  for  several  lift  coefficients  at  sea  level  with  flaps 
and  landing  gear  lowered.  The  calculations  were  made  for  two wing- 
loading  conditions  and  the  results  are  presented  in figures 6(a)  and  6(b). 
From  the  figures  it  is  apparent  that  the  change  in has  an  unfavor- 
able  effect on the  stability  of  the  airplane.  The  values  of  the  period 
decrease  slightly for both  of  the  wing  loadings  consfdered. In both 
cases  the  rate  of  damping is decreased,  and  for  the  lower wing loading, 
the  decrease  in  damping  becomes  larger as the  lift  coefficient  decreases. 

C.p 

cnP 

For a wing  loading  of 33.3 pounds  per  square foot ,  the  period- 
m i n g  relationship  obtained by using  the  revised  values for 
failed to satisfy  the USAF criterion  for all lift  coefficients  investi- 
gated,  whereas  with  the  original  estimates  of C4, the  airplane  was 
satisfactorily  stable  for  lift  coefficients  greater  than  about 0.95 
(fig. 7 ) .  For the  high-wing-loading  condition, o n l y  those  values of p 
and T1/2 corresponding to lift  coefficients  greater  than 0.9 are on 
the  satisfactory  side  of  the  boundary  when  the  new  Cnp  values  are  used, 
as  compared  with lift coefficients of 0.8 or  higher  for  the  original 
values  of C 

cnP 

nP - 
, Curves  for  the  complete  range  of  Cnp  investigated  for  the  airplane 

w i t h  flaps  and  gear  lowered  are  presented  in figure 8 for cl~, = 1.0. As 
in  the  case of  the  airplane  with  flaps  and  gear  retractea,  the  extension 

.) of  the  range  of  Cnp  values  in  the  negative  direction  is  shown to have 
- 

an  appreciable  unfavor  ing  relationship. 
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Results of recent  research on the  evaluation of the  derivative  of 
yawing  moment  due  to  rolling  Cnp  have  been  utilized in calculations of 
the  dynamic  lateral  stability  characteristics of the  Bell X-2 airplane 
at  Mach  numbers  up  to 0.87. The results of the  calculations  have  led  to 
the  following  conclusions: 

1. When values  of  the  derivative  of yawing moment  due to rolling Cnp 
are  changed  from  those  indicated  by  previously  established  procedures  to 
those  indicated  by  the results of recent  research,  the  predicted  period- 
damping  relationship of the  airplane  beccnnes  less  desirable  for al l  the 
flight  conditions  Investigated. 

2. For the  high-speed  configuration  (flaps  and  gear  up) a given 
change  in  the  value of the  derivative Cnp appeared  to  become of 
increased  importance as the  altitude  is  increased  and  a6 the speed of 
the airplane approaches  the maximum Mach nmiber  investigated (0.87) . 

3. The calculations  indicate  that  the  airplane  should  meet  the USAF 
requirements  for  satisfactory period-wing relationship of the  lateral 
oscillation  at  lift  coefficients  greater  than about 0.5 for  the high- 
speed  configuration  at  altitudes  lower  than 35,000 feet,  but  that  the 
airplane  in  the  landing  configuration may not  meet  the  requirements  at 
lift  coefficients  below 1.0. 

Langley  Aeronautical  Laboratory 
. National Advisory Committee f o r  Aeronautic6 

Langley Air Force  Base,  Va. 
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1.- Effect of wing on tail contribution t o  CLtp f o r  a typical model. 

.. . .. 

. 



. "   . .  . .... . . 

b . 

1 I I I I I 

(a) Flaps and gear retracted. (a) Flaps and gear lowered. 

Figure 2.- OrigFnal and revised estimaCes of CQhu and Cnp for 
Bel l  X-2 Aiqlane. 

. .  . 



. .... 

- O r i g i n a l  C9- reference 1 

- --Revised ""p 

I I I 1 

0 .  2 .a -6 . 8 
CL 

. . . . . . . . . . - -. . . - . . . . .. . . . . .. . . . . . . . . . . 

\ 
\ 
/ 

(b) 35,000 feet. 

Figure 3 . -  Period and time t o  damp to one-half amplitude f o r  Bell X-2 
airplane calculated with original'and revlsed estimates of C 
Flaps and gear retracted. - W = 79.4 pounds per square foot. np' 
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P, sec P, sec 

(a) sea level. (h) 35,000 feet. 

Figure 4.- Comparison with USAF criterion of the period-damping relation- 
ship of t he  Bell X-2 airplane calculated  with  original and revised 
estimates of C Flaps and gear retracted. = 79.4 porn& per nP' S 
square foot .  
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A -0.025 (Extended value) 
c 0 ,012 

Figure 5.- Effects  of variation of C on the period and damping, and 
a comparison with the USAF cri terion.  Flaps and gear  retracted; 
" - 79.4 pounds per  square foot; h = 35,000 feet; M = 0.85; 
S 
& = 0.316. 
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(a) - = 33.3 pounds W 
S 

per square foot. 
(b) = 79.4 pounds 
per square foot. 

Figure 6.- Period and tlme to danlp to one-half  amplitude for Bell X-2 
airplane calculated with or ig ina l  and revlsed estimates of' 
Flaps and @;ear lowered; 6, = 30?; 6, = 55'; sea-level Plight. 

CpP- 
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Pr/s = 7?.4 pounds 
per square foo t  
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Figure 7.- Comparison with USAF  criterion of the  period-damping  relation- 
ship of the Bell. X-2 airplane calculated w i t h  original and revised 
estimates of Cnp. Flaps and gear lowered; 6, = 30'; 6, = 55O; sea- 
level flight. 
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Figure 8. - Effects of variat ion  of  C on the   per iod  and dmqing, and 
a comparison w i t h  the USAF c r i t e r ion .  Flaps and gear down; 
- W = 33.3 pounds per square foot;  8, = 300; 6, = 55'; sea-level 
S 

ap 

flight; c, = 1.0. 
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